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© A bonded structure comprising the physical and 
electrical connections between an integrated circuit 
element and substrate using a composite bump 
comprised of a single polymer body of low Young's 
Modulus and a conductive metal coating. When the 
bonded structure is formed the composite bump is 
deformed and the low Young's Modulus of the poly- 
mer body allows a very reliable bonded structure 
with very low bonding force. Due to the low Young's 
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ing on the composite bump. The polymer body may 
be covered by a conductive metal coating formed at 
the input/output pads of an integrated circuit element 
or substrate. The composite bump is formed using 
material deposition, lithography, and etching tech- 
niques. A layer of soldering metal can be formed on 
the composite bumps if this is desired for sub- 
sepuent processing. 

It is possible to use a conductive barrier metal 
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structure is icrrr.ed. The sand is ferried us;ry a bumps arc e'ther the suostrate input output pads or 

soldering process so that the soldering metal forms the integrated circuit element input/output pads, 
a conductive adhesive between the composite 




FIG. 1 
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BACKGROUND OF THE INVENTION 

The invention relates to bonded structures and 
methods of forming this structures for the joining of 
integrated circuit elements to the next level of 
integration, or that level of integration to the follow- 
ing level, and more particularly to the formation of 
the bonded structures which comprises the phys- 
ical and electrical connection between the inte- 
grated circuit element and the next level of integra- 
tion. 

In the manufacture of highly dense integrated 
circuits the formation of an inexpensive and highly 
reliable mechanical bond and electrical intercon- 
nection between the integrated circuit element and 
substrate has long been recognized to be of key' 
importance. Some time ago a solution to this need 
was patented by L. F. Miller et ai in US Pat. No. 
3,401,126. This method worked well for many 
years but increasing levels of integration and circuit 
density have made the need for interconnections 
on an increasingly fine pitch of key importance. 

A method for achieving increased interconnec- 
tion density was patented by K. Hatada in US Pat. 
No. 4,749,120. This method employs a metal bump 
as the 4,749,120. This method employs a metal 
bump as the electrical interconnection between the 
integrated circuit chip and the substrate while hold- 
ing the integrated circuit chip in place with a resin 
coating on the substrate acting as an adhesive 
between chip and substrate. This method has the 
disadvantage of a relatively high Young's Modulus 
for metals, especially for gold when compared to 
that of the resin. As a result of the high Young's 
Modulus a very large bonding force is required 
between the integrated circuit chip and the sub- 
strate during the micro-bump bonding process 
while the resin is undergoing its curing cycle. After 
the bonding process the gold micro-bump will tend 
to return to its original shape and the recoil forces 
will disengage some of the micro-bumps from the 
electrodes on the substrate. Another method pat- 
ented by Y. Tagusa et al in US Pat. No. 4,963,002 
employs nickel plated plastic beads or silver par- 
ticles to achieve the electrical connection, but the 
former suffers from small contact surface area and 
the latter suffers the disadvantage of a relatively 
high Young's Modulus for silver. 

US Pat. No. 4,916,523 issued to Sokoiovsky et 
al shows a unidirectional conductive adhesive to 
bond the integrated circuit chip to the substrate. 



1 chn<«fc 



•jcncjct.-ve r.sMi L\.rr,L\s :ca:ec witn a qoic 



■j seveiai iyrjos 



"•r.rr'.'r^C; ran L-e£." CC'e 



O'-e type ^-n^y 
;.:ses a lead-tir S'j'c?? r.c'ium ailcy se'eer as ce 
b-mp whicn ocras vie neg rated c::cut chic u.; a 



70 



75 



ing between bumps during solder reflow. Another 
type of bump uses a copper ball within the lead-tin 
or indium alloy solder. The copper ball does not 
melt during solder reflow so there will not be a 
shorting. However since the copper bail is rigid 
there can be problems with cracking of joints. An- 
other type of structure is a stack of solder bumps. 
This type of structure is not easily shorted during 
reflow and the cracking problem is not present. 
However, it is difficult to make fine pitch solder 
reflow joints with this method because of stack 
misalignment problems. 

SUMMARY OF THE INVENTION 



It is the principal object of the invention to 
provide a bonded structure comprising the elec- 
trical and physical connections between integrated 
circuit elements and the corresponding substrate 

20 wherein very dense wiring patterns can be accom- 
modated economically and the resulting connec- 
tions are extremely reliable. 

This object is achieved with a bonded structure 
comprising the integrated circuit element in- 

25 put/output pads, composite bumps comprised of a 
single polymer body with a Young's Modulus which 
is low compared to metals and a conductive metal 
coating covering the polymer body, and the sub- 
strate input/output pads. The conductive metal 

30 coating covering the polymer body must be chosen 
to provide good adhesion to the polymer body and 
may include an adhesive layer and a barrier layer 
in addition to a conductor layer. The low Young's 
Modulus of the polymer, about 0.4 X 10 6 to 0.5 X 

35 10 6 psi, allows the bond to be made with very low 
bonding force and greatly reduces or eliminates 
the force tending to separate the connections after 
the bonding force is removed. This results in ex- 
tremely reliable physical and electrical connections 

40 between the ' integrated circuit element and sub- 
strate. 

It is the second principal object of this inven- 
tion to provide a composite bump which can be 
formed on an integrated circuit element, on the 

45 substrate to which the integrated circuit element is 
connected, or on both the integrated circuit ele- 
ment and the substrate. The composite bumps are 
comprised of a single polymer body with a Young's 
Modulus which is low compared to metals and a 

so conductive metal coating covering the polymer 
body. The conductive metal coating covering the 
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0,4 X 10 6 and 0.5 X 10* psi, allows the bona to oe 
made with very low bonding force, greatly reduces 
or eliminates the force tending of separate the 
connections after bonding, and results in extremely 
reliable physical and electrical connections be- 5 
tween the integrated circuit element and substrate. 

It is a third object of this invention to provide a 
solder reflow bonded structure which is not easily 
shorted during solder reflow, does not easily crack 
after solder reflow and which easily accommodates io 
a fine pitch solder reflow. This objective is accom- 
plished with a composite bump included in a solder 
joint. The composite bump includes a single poly- 
mer body with a low Young's Modulus relative to 
that of mefcals and a conductive metal coating cov- 75 
ering the polymer body. The bonded structure in- 
cludes an integrated circuit element with in- 
put/output pads, a substrate with input/output pads, 
composite bumps which connect the integrated cir- 
cuit element input/output pads and the substrate 20 
input/output pads, and soldering metal which forms 
the solder joint. The bonded structure is not easily 
shorted during a solder reflow bonding process, 
can accommodate a very fine pitch solder reflow 
easily, and does not easily crack after solder reflow 25 
is complete. The bonded structure of this invention 
forms the electrical and physical connections be- 
tween integrated circuit elements and the' corre- 
sponding substrate wherein very dense wiring pat- 
terns can be accommodated economically and the 30 
resulting connections are extremely reliable. 

In accordance to the first object of the inven- 
tion it is a further object of the invention to provide 
a method of forming a bonded structure comprising 
the electrical and physical connections between 35 
integrated circuit elements and the corresponding 
substrate wherein very dense wiring patterns can 
be accommodated economically and the resulting 
connections are extremely reliable. 

This object is achieved by forming a bonded 40 
structure comprising the integrated circuit element 
input/output pads, composite bumps comprised of 
a single polymer body with a Young's Modulus 
which is low compared to metals and a conductive 
metal coating covering the polymer body, and the 45 
substrate input/output pads. The conductive metal 
coating covering the polymer body must be chosen 
to provide good adhesion to the polymer body and 
may include an adhesive layer and a barrier layer 
in addition to a conductor layer. The composite so 
bump will be deformed during the bonding process 
and the low Young's Modulus of the polymer, about 



temperatures usea during the bonaing process. 

In accordance to the second object of the 
invention to this it is a further object to provide 
methods of fabrication of the composite bump on 
either an integrated circuit element or a substrate 
to which an integrated circuit element can be con- 
nected. This objective is achieved by depositing a 
layer of polymer on the surface of an integrated 
circuit element or substrate. Using photolithog- 
raphic techniques the polymer is removed every- 
where except at the location of the integrated cir- 
cuit element or substrate input/output pads. Metal 
is then deposited over the surface of the integrated 
circuit element or substrate. Using photolithog- 
raphic techniques the metal is removed every- 
where except at the location of the integrated cir- 
cuit element or substrate input/output pads and the 
composite bumps are formed. The resulting com- 
posite bumps have a single polymer body with a 
low Young's Modulus 1 relative to metals and a con- 
ductive metal coating covering the polymer body. 
In some instances a metal layer can be formed on 
the input/output pads and under the polymer body. 
This metal layer reduces the sheet resistance of 
the input/output pads. The polymer body must be 
chosen to withstand the temperatures of subse- 
quent processing such as bonding. The polymer 
body must also be chosen so that it can be etched 
during fabrication of the composite bump. Polyamic 
acid polyimide fulfills these requirements. The con- 
ductive metal coating covering the polymer body 
must be chosen to provide good adhesion to the 
polymer body and may include an adhesive layer 
and a barrier layer in addition to a conductor layer. 

In accordance to the third object of the inven- 
tion it is a further object to provide a method of 
forming a bonded structure which includes solder 
joints and composite bumps. This objective is 
achieved by forming composite bumps on the in- 
put/output pads of an integrated circuit element or 
substrate, forming a layer of soldering metal on the 
composite bumps, bringing the integrated circuit 
element and substrate together and heating the 
solder to solder reflow temperature. Alternatively 
the objective can be achieved by forming compos- 
ite bumps on the input/output pads of an integrated 
circuit element or substrate, forming a layer of 
soldering metal on the input/output pads which do 
not have the composite bumps, bringing the in- 
tegrated circuit element and substrate together and 
heating the solder to reflow temperature. 

o r-> > f~r- nro^pitpTirfvj r ^HAWING S 
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Fig. 2 is a cross sectional representation of the 
bonded structure with the composite bumps 
formed on the integrated circuit element prior to 
bonding. 

Fig. 3 is a cross sectional representation of the 
composite bump formed on the substrate showing 
the polymer interior and conductive metal coating 
of the composite bump. 

Fig. 4 is a cross sectional representation of the 
bonded structure with the composite bumps 
formed on the substrate prior to bonding. 

Fig. 5 is a cross sectional representation of the 
composite bump formed on both the integrated 
circuit element and the substrate showing the poly- 
mer interior and conductive metal coating of the 
composite bumps. 

Fig. 6 is a cross sectional representation of the 
bonded structure with the composite bumps are 
formed on both the integrated circuit element and 
the substrate prior to bonding. 

Rg. 7 is a cross sectional representation of the 
bonded structure wherein a conducting adhesive 
bonds the conducting metal coating of the compos- 
ite bump to the substrate input/output pad. 

Fig. 8 is a cross sectional representation of the 
bonded structure wherein a conducting adhesive 
bonds the conducting metal coating of the compos- 
ite bump to the integrated circuit element in- 
put/output pat. 

Fig. 9 is a cross sectional representation of the 
bonded structure wherein a conducting adhesive 
bonds the conducting metal coating of the inte- 
grated circuit element composite bump to the sub- 
strate composite bump. 

Fig. 10 is a cross sectional representation of 
the bonded structure wherein a non conducting 
adhesive bonds the integrated circuit element to 
the substrate. 

Fig. 11A shows a cross sectional view of a 
composite bump formed on an integrated circuit 
element or substrate. 

Fig. 11B shows a cross sectional view of a 
composite bump formed on an integrated circuit 
element or substrate with a solder coating on the 
composite bump. 

Fig. 12 shows a cross sectional view of a 
composite bump formed in a hemispherical shape 
on an integrated circuit element or substrate- 
Fig. 13 shows a cross sectional view of a 
composite bump formed with a rough shape on an 
integrated circuit element or substrate. 

Fir. 14 nhnv/?; -i — ^^'r-^l /nw r.f 



put/output pattern of an integrated circuit element 
or substrate. 

Fig. 16 shows a cross sectional view of com- 
posite bumps formed so that there are multiple 

5 bumps forming a ring around the input/output pat- 
tern of an integrated circuit element or substrate. 

Figs. 17A through 171 shows cross sectional 
representations of the method for forming compos- 
ite bumps using photoresist for pattering the poly- 

w mer and metal layers. 

Figs. 18A through 18J shews cross sectional 
representations of the method for forming compos- 
ite bumps with a base metal layer under the com- 
posite and on top of the input/output pad using 

rs photoresist for patterning the polymer and metal 
layers. 

Figs. 19A through 19G shows cross sectional 
representations of the method for forming compos- 
ite bumps using photosensitive polymer to pattern 
20 the polymer layer and photoresist to pattern the 
metal layer. 

Figs. 20A through 20H shews cross sectional 
representations of the method for forming compos- 
ite bumps with a base metal layer under the com- 
25 posite bump and on top of the input/output pad 
using photosensitive polymer to pattern the poly- 
mer layer and photoresist to pattern the metal 
layer. 

Figs. 21 A through 21 E shows cross sectional 
30 representations of the method for forming compos- 
ite bumps using a lift off process. 

Figs. 22A through 22C shows cross sectional 
representations of the method for forming a solder 
layer on the composite bumps, 
as Fig. 23 is a cross sectional representation of 

composite bumps with a solder layer formed on the 
integrated circuit element input/output pads before 
soldering. 

Fig. 24 is a cross sectional representation of 
40 structure after soldering where the composite 
bumps and the solder layer were formed on the 
integrated circuit element input/output pads prior to 
soldering. 

Fig. 25 is a cross sectional representation of 
45 composite bumps with a solder layer formed on the 
substrate input/output pads before soldering. 

Fig. 26 is a cross sectional representation of 
structure after soldering where the composite 
bumps and the solder layer were formed on the 
so substrate input/output pads prior to soldering. 

Fig. 27 is a cross sectional representation of 
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men; input output pads ana tne scider was ferried 
on the substrate input/output pads prior to solder- 
ing. 

Fig. 29 is a cross sectional representation of a 
composite bumps formed on the substrate in- 
put/output pads and a solder layer formed on the 
integrated circuit element input/output pads prior to 
soldering. 

Fig. 30 is a cross sectional representation of 
the structure after soldering where composite 
bumps were formed on the substrate input/output 
pads and the solder was formed on the integrated 
circuit element input/output pads prior to soldering. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Refer now more particularly to Figs. 1 and 2, 
there is shown an embodiment for the bonded 
structure of the current invention. Composite 
bumps are formed on the integrated circuit element 
30 input/output pads 26. The input/output pads 26 
are formed of a metal such as aluminium with a 
diameter of about 90 microns. Each composite 
bump comprises a single polymer body 32 and a 
conductive metal coating 36 covering the polymer 
body. The polymer body must withstand tempera- 
tures encountered during bonding and can be 
polyamic acid polyimide such as PROBIMIDE 7010 
or PROBIMIDE 514 produced by OCG Microelec- 
tronic Materials, Inc., Tempe, AZ. The polymer 
body has a thickness of between about 5 and 25 
microns. Input/output pads 24 are formed on the 
substrate 20 using a metal such as aluminum. 

The conductive metal coating 36 must adhere 
to the polymer body and can be a metal such as 
aluminum or nickel; or a composite such as nick- 
el/gold, chrome/gold, chrome/silver, or 
titanium/platinum. The conductive metal coating 
can be a composite which includes an adhesion 
layer/a barrier layer/a conductor layer such as 
chrome/copper/gold, chrome/nickel/gold, 
chrome/silver/gold, titanium/platinum/gold, 
titanium/palladium/gold, or titanium/tungsten/silver. 

When the bonded structure is formed the com- 
posite bumps will contact the substrate input/output 
pads and will be deformed as shown in Fig. 2 so 
that each composite bump will contact a substrate 
input/output pad. Due to the low Young's Modulus 
of the polymer body a very small force, about one 
tenth that required by the traditional gold bump, is 
required for this deformation and there is little 
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posite cump and me structure after tr,o bond ;s 
formed is as described above. 

Another embodiment is shown in Figs. 5 and 6. 
In this embodiment the composite bumps are 

s formed on both the integrated circuit element in- 
put/output pads 26 and the substrate input/output 
pads 24. When the bonded structure is formed the 
substrate composite bumps are brought together 
with the integrated circuit element composite 

70 bumps. The composite bumps are deformed and 
due to the low Young's Modulus of the polymer 
body a very small force is required for this de- 
formation and there is little tendency to separate 
the bonded structure after it has been formed. 

is The integrated circuit element 30 and the sub- 

strate 20 are brought together so that the conduc- 
tive metal coating 36 on each composite bump 
contacts a substrate input/output pad 24 as shown 
in Fig. 4 cr a corresponding composite bump as 

20 shown in Fig. 6. The bond is then formed using a 
bonding process such as thermocompression 
bonding, ultrasonic bonding, tape automated bond- 
ing, application of heat energy, or application of 
light energy. 

25 As shown in Figs. 7, 8 and 9 the bonding may 

also be accomplished using a conductive adhesive 
38 between the conductive metal coating 36 of 
each composite bump and the corresponding sub- 
strate pad 24 shown in Fig. 7, the corresponding 

30 integrated circuit element input'output pad 26 
shown in Fig. 8, or the corresponding composite 
bump shown in Fig. 9. As shown in Rg. 10, the 
bonding may also be accomplished using a non- 
conductive adhesive 22 between the integrated cir- 

35 cuit element 30 and substrate 20. The conductive 
and nonconductive adhesives may require the ap- 
plication of heat energy or light energy. During the 
bonding process the polymer body in each com- 
posite bump is deformed as electrical connection is 

40 formed. This deformation is important in forming a 
good electrical contact, Due to the low Young's 
Modulus of the polymer body this deformation re- 
quires a very small bonding force and produces 
little or no tendency to separate the connection 

45 after is has been made. 

Rg. 1 1 A shows an embodiment of the compos- 
ite bump formed on either an integrated circuit 
element or on a substrate. A passivation layer 28 
and an aluminum input/output pad 26 of about 90 

so microns diameter is formed on an integrated circuit 
element or substrate 30. A polymer body 32 with a 
thickness of between about 5 microns and 25 
wir^pc i<? fnrm^H on thp Inont/outDUT nad 26. The 
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A conductive metal coating 36 is formed over 
the polymer body and must adhere to the polymer 
body. The coating can be a metal such as alu- 
minum or nickel; or a composite such as nick- 
el/gold, chrome/geld, chrome/silver, or 5 
titanium/platinium. The conductive metal coating 36 
can be a composite which includes an adhesion 
layer/a barrier layer/ a conductor layer such as 
chrome/copper/gold, chrome/nickel/ gold, 
chrome/silver/gold, titanium/platinium/gold, 10 

titanium/palladium/gold, or titanium/tungsten/silver. 
A solder coating, such as PbSn, InGa, or InSn may 
be formed over the conductive metal coating, 
shown in Fig, 11B, if this is desired for a soldering 
process: In th*s case the preferred conductive met- J 5 
al coatings are chrome/copper/gold, 
chrome/nickel/gold, chrome/silver/gold, 
titanium/ptatinum/gold, or titanium/ palladium/gold. 

Additional embodiments of the composite 
bump are shown in Fig. 12 through Fig. 16. Fig. 12 20 
shows a composite bump formed in a hemispheri- 
cal shape Fig. 13 shows a composite bump 
formed with a rough surface on the bump. Fig. 14 
shows multiple composite bumps formed inside the 
input/output pattern 26 of the integrated circuit ele- 25 
ment or substrate 30. Fig. 15 shows multiple com- 
posite bumps formed both inside and in a ring 
surrounding the input/output pattern 26 of the in- 
tegrated circuit element or substrate 30. Fig. 16 
shows multiple composite bumps formed in a ring 30 
surrounding the input/output pattern 26 of the in- 
tegrated circuit element or substrate 30. 

The above embodiments may also have a base 
metal layer of aluminum 38 formed under the poly- 
mer body 32 and on top of the input/output pad 26 35 
as shown in Fig. 18J. This base metal layer ex- 
tends over the edges of the passivation layer 28. 

Refer now more particularly to Figs. 17A 
through 171. There is shown an embodiment of a 
method for forming the composite bump of the 40 
current invention. First the integrated circuit ele- 
ment or substrate 30 with a passivation layer 28 
and aluminum input'output pads 26 with a diameter 
of about 90 microns is etched and cleaned, as 
shown in Fig. 17A. Next, as shown in Fig. 17B, a 45 
layer of non photosensitive polymer 32 such as a 
polyamic acid polyimide like PROBtMIDE 514 pro- 
duced by OCG Microelectronic Materials, Inc., 
Tempe, A2. with a thickness of between about 5 
and 25 mfcrens is formed on the surface of the so 
integrated circuit element or substrate 30. Next, as 
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zenberger, and Hergenrother published by Blackie 
& Son Ltd. in 1990. The photoresist is then 
stripped, Fig. 17E. As shown in Fig. 17F a conduc- 
tive metal layer 36 such as a composite of 
chrome/gold with chrome about 500 Angstroms 
thick and gold about 2000 Angstroms thick is de- 
posited on the integrated circuit element or sub- 
strate 30. The coating 36 can also be a metal such 
as aluminum or nickel; or a composite such as 
nickel/gold, chrome/silver, or titanium/platinum. The 
conductive metal coating 36 can also be a compos- 
ite which includes an adhesion layer/ a barrier 
layer/ a conductor layer such as 
chrome/copper/gold, chrome/nickel/gold, 
chrome/silver/go id, titanium/platinum/gold, 
titanium/palladium/gold, or titanium/tungsten/silver. 

A patterned layer of photoresist 40, Fig. 17G, is 
then formed on the conductive metal layer 36 and 
the conductive metal layer is etched to the pattern, 
of the photoresist 40, Fig. 17H. The photoresist is 
then stripped. Fig. 171, and the composite bump is 
formed. For the chrome/gold conductive metal lay- 
er etching can be accomplished using 1g Ce (SOi) 
2 # 2(Nm)2S<V2H 2 0 + 5ml HNCb + 25ml H 2 0 at 
28 'C to etch chrome at about 85 Angstr- 
oms/minute and 4g Kl + 1g b + 40ml H?0 at 
room temperature to etch gold at between about 
0.5 and 1.0 microns/minute. 

Another embodiment method is shown in Figs. 
18A through 18J. The integrated circuit element or 
substrate 30 with a passivation layer 28 and alu- 
minum imput/output pads 26 with a diameter of 
about 90 microns is etched and cleaned, as shown 
in Fig. 18A. Next, as shown in Fig. 18B, a layer of 
metal 38 such as aluminum is deposited on the 
integrated circuit element or substrate 30. The 
method then proceeds as described in the imme- 
diately preceding embodiment beginning with the 
formation of the layer of polyamic acid poiyimide 
32 and continuing until the conductive metal coat- 
ing 36 is etched, Figs. 18C to 181. The aluminum 
38 is then etched using H3PO4: 
CH 3 C00H:HNO 3 :H 2 0 (4:4:1:1) at room tempera- 
ture at about 350 Angstroms/minute. As shown in 
Fig. 18J the photoresist is then stripped and the 
composite bump is formed. 

Another embodiment method is shown in Figs. 
19A through 19G. After the integrated circuit ele- 
ment or substrate 30 with input/Output pads of 
about 90 microns diameter is etched and cleaned, 
Fig. 19A, a layer of photosensitive polymer 32 such 
as ohotosensitive Dolvamic acid oolyimide, like 
PRCEiMIDE "020 ^roci-C^: oy OCG Wc- oo.oc- 
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over the input output paos, Fig. 19C. Patterning ci 
polyimide films is described in Chapter 8 of 
POLYIMIDES edited by Wilson, Stenzenberger, 
and Hergenrother published by Blackie & Son Ltd. 
in 1 990. Next a conductive metal layer 26 such as 
a composite of chrome/gold is deposited on the 
integrated circuit element or substrate 30 as shown 
in Fig. 19D and the process proceeds as described 
in the previous embodiment, Figs. 19E, 19F, and 
19G. 

Another embodiment method is shown in Rgs. 
20A through 20J. The integrated circuit element or 
substrate 30 with a passivation layer 28 and alu- 
minum input/output pads 26 with a diameter of 
about 90 microns is etched and cleaned, as shown 
in Fig. 20A. Next, as shown in Fig. 20B, a layer of 
metal 38 such as aluminum is deposited on the 
integrated circuit element or substrate 30. The 
method then proceeds as described in the imme- 
diately preceding embodiment beginning with the 
formation of the layer of photosensitive polyamic 
acid polyimide 32 and continuing until the conduc- 
tive metal coating 36 is etched. Rgs. 20C to 10G. 
The aluminum 38 is then etched using 
H 3 PO*:CH 3 C0OH:HNO 3 :H2 0 (4:4:1:1) at room 
temperature at about 350 Angstroms/minute. As 
shown in Fig. 20H the photoresist is then stripped 
and the composite bump is formed. 

Another embodiment is shown in Figs. 21 A 
through 21 E. First the integrated circuit element or 
substrate 30 with about 90 micron diameter in- 
put/output pads 26 is etched and cleaned. Fig. 
21 A. Next a photo resist mask 40 is formed leaving 
photoresist everywhere except over the in- 
put/output pads 26, Fig. 21 B. Next a layer of poly- 
mer 32 is formed on the integrated circuit element 
of substrate 30 using vapor deposition polymeriza- 
tion. In a vacuum of about 3.75 X 10~ 5 Torr 4,4 
Oxy-Oianiline (ODA) is sprayed onto the integrated 
circuit element or wafer and heated to between 
about 80 "C and 160*C. While still at 3.75 X 10 -5 
Torr pyromellitic dianhydride (PMDA) is sprayed 
onto the integrated circuit element or wafer and 
heated to between about 130°C and 180*C. Vapor 
deposition polymerization is described by 
Takahashi et al in MACROMOLECULES, Vol. 24, 
No. 12, 1991, pp. 3543-3546. Next, as shown in 
Fig. 21 D, a conductive metal layer 36 such as a 
composite of chrome/gold with chrome about 500 
Angstroms thick and gold about 2000 Angstroms 
thick is deposited on the integrated circuit element 
or substrate 30. The coating 36 can also be the 

*» r"*"< r"i m ' r- -i *-\ - r*. r\ t-\ ■-. r4 lo *^ -i *-> rrT 1 1 r* t ■ O -"V ^ t— rl\ _ 
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Another emc-coiment wnen a ^o.uer coating is 
desired on the composite bump is shown in Figs. 
22A through 22C. Composite bumps are formed on 
the integrated circuit element or substrate 30 using 
s any of the preceding embodiment methods. In this 
case the preferred conductive metal coatings are 
chrome/copper/gold, chrome/nickel/gold, 
chrome/silver/gold, titanium/platinum/gold, or 
titanium/palladium/gold. A layer of photoresist 40 is 
70 then formed on the surface of the integrated circuit 
element or substrate 30 and patterned so that only 
the composite bumps are exposed, Fig. 22A. Sol- 
der 52, preferably 95% lead 5% tin is then depos- 
ited using chemical vapor deposition, Fig. 22B. 
is Other percentages of lead and tin or solders using 
indium-tin or indium-gallium can also be used. The 
photoresist is then stripped thereby also removing 
the solder everywhere except on the composite 
bumps, Fig. 22C. 
20 Refer now more particularly to Figs. 23 and 24, 

there is shown an embodiment for the bonded 
structure of the current invention. As shown in Fig. 
23 composite bumps are formed on the integrated 
circuit element input/output pads 26 which are a 
25 metal such as aluminum about 90 microns in diam- 
eter. Each composite bump is composed of a 
polymer body 32 such as polyamic acid polyimide 
with a thickness between about 5 and 25 microns, 
a conductive metal coating 36 covering the poly- 
30 mer body, and a soldering metal coating 38 cover- 
ing the conductive metal coating. The conductive 
metal coating must adhere to the polymer body 
and can be a composite such as 
chrome/copper/gold. chrome/nickel/gold, 
35 chrome/silver/gold, titanium/tungsten/gold, 
titanium/platinum /gold, or titanium/palladium/gold. 
For chrome/copper/gold the thickness can be about 
500 Angstroms chrome/500 Angstroms cop- 
per/2000 Angstroms gold. The soldering metal lay- 
40 er can be metal alloys such as lead-tin, indium- 
gallium, or indium-tin. For lead-tin the soldering 
metal layer can be 95% lead-5% tin with a thick- 
ness of between about 1 and 20 microns. Substrate 
input/output pads 24 are formed on the substrate 
45 20 and are formed from a metal the solder will wet 
such as chrome/copper/gold or other metal com- 
posites used for the conductive metal coating on 
the polymer body of the composite bump. Fig. 24 
shows the bonded structure after soldering. The 
50 soldering metal 38 bonds the composite bump 
structure to the substrate input/output pads 24. 

Figs. 25 and 26 shows another embodiment of 
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ness between about 5 and 25 microns, a conduc- 
tive metal coating 36 covering the polymer body, 
and a soldering metal coating 38 covering the 
conductive metal coating. The conductive metal 
coating must adhere to the polymer body and can 
be a composite such as chrome/copper/gold, 
chrome/nickel/gold, chrome/silver/gold, 
titanium/tungsten/gold, titanium/platinum/gold, or 
titanium /palladium/gold. For chrome/copper/gold 
the thickness can be about 500 Angstroms 
chrome/500 Angstroms copper/2000 Angstroms 
gold. The soldering metal layer can be metal alloys 
such as lead-tin, indium-gallium, or indium-tin. For 
lead-tin the soldering metal layer can be 95% lead- 
5% tin with a thickness of between about 1 and 20 
microns. Integrated circuit element input/output 
pads 26 are formed on the integrated circuit ele- 
ment 30 and are formed a metal the solder will wet 
such as chrome/copper gold or other metal com- 
posites used for the conductive metal coating on 
the polymer body of the composite bump. Fig. 26 
shows the bonded structure after soldering. The 
soldering metal 38 bonds the composite bump 
structure to the integrated circuit element in- 
put/output pads 26. 

Figs. 27 and 28 shows another embodiment of 
the bonded structure. As shown in Fig. 27 the 
composite bumps are formed on the integrated 
circuit element input/output pads 26 which are a 
metal such as aluminum about 90 microns in diam- 
eter. Each composite bump is composed of a 
polymer body 32 such as polyamic acid polyimide 
with a thickness between about 5 and 25 microns 
and a conductive metal coating 36 covering the 
polymer body. The conductive metal coating must 
adhere to the polymer body and can be a compos- 
ite such as chrome/copper/gold, 
chrome/nickel/gold, chrome/silver/gold, 
titanium/tungsten/gold, titanium/platinum/gold, or 
titanium /palladium/gold. For chrome/copper/gold 
the thickness can be about 500 Angstroms 
chrome/500 Angstroms copper/2000 Angstroms 
gold. The soldering metal 38 is formed on the 
substrate 20 input/output pads 24 which must be a 
metal wettable by the solder, for example copper, 
chrome/copper/gold. The soldering metal can be 
95% lead-5% tin, other alloys of lead-tin, alloys of 
indium-gallium, or alloys of indium-tin. Fig. 28 
shows the bonded structure after soldering. The 
soldering metal 38 bonds the composite bump 
structure to the substrate input/output pads 24. 
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ness between about 5 and 25 microns and a con- 
ductive metal coating 36 covering the polymer 
body. The conductive metal coating must adhere to 
the polymer body and can be a composite such as 
5 chrome/copper/gold, chrome/nickel/gold, 
chrome/silver/gold, titanium/tungsten/gold, titanium 
/platinum/gold, or titanium/palladium/gold. For 
chrome/copper/gold the thickness can be about 
500 Angstroms chrome/500 Angstroms cop- 
io per/2000 Angstroms gold. The soldering metal 38 
is formed on the integrated circuit element 30 
input/output pads 26 which must be a metal wet- 
table by the solder, for example 
chrome/copper/gold or other composites used as 

75 the conductive metal coating covering the polymer 
body. The soldering metal can be 95% lead-5% 
tin, other alloys of lead-tin, alloys of indium-gallium, 
or alloys of indium-tin. Fig. 30 shows the bonded 
structure after soldering. The soldering metal 38 

so bonds the composite bump structure to the in- 
tegrated circuit element input/output pads 26. 

Figs. 23 and 24 shows an embodiment of a 
method of forming the bonded structure of the 
current invention. As shown in Fig. 23 composite 

25 bumps are formed on the integrated circuit element 
input/output pads 26 which are a metal such as 
aluminum. Each composite burnp is composed of a 
polymer body 32 such as polyamic acid polyimide, 
a conductive metal coating 36 covering the poly- 

30 mer body, and a soldering metal coating 38 cover- 
ing the conductive metal coating. The conductive 
metal coating must adhere to the polymer body 
and can be a composite such as 
chrome/copper/gold, chrome/nickel/gold, 

35 chrome/silver /gold, titanium/tungsten/gold, 
titanium/platinum/gold, . or titanium/paliadium/gold. 
For chrome/copper gold the thickness can be 
about 500 Angstroms chrome/500 Angstroms cop- 
per/2000 Angstroms gold. The soldering metal lay- 

40 er 38 can be metal alloys such as lead-tin, indium- 
gallium, or indium-tin. For lead-tin the soldering 
metal layer can be 95% lead-5% tin with a thick- 
ness of between about 1 and 20 microns. Substrate 
input/output pads 24 are formed on the substrate 

45 20 and are formed from a metal the solder will wet 
such chrome/copper/gold or other metal compos- 
ites used for the conductive metal coating on the 
polymer body of the composite bump. 

The integrated circuit element 30 and the sub- 
so strate 20 are then brought together so that the 
composite bumps are brought together with the 
substrate input/outout pads ?4 Heat is aoolied to 
the so-derrg metal 38 thereby -aisirg :ts tempera- 
lure to about 30 * C above the melting point of tro 
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ana as the scjlcer cods ceicw :ne meiting point tr-e 
bonded structure is formed. Due to the low Young's 
Modulus of the polymer body the stress tending to 
break the solder joint during or after the soldering 
process is extremely small. 5 

Figs, 25 and 26 shows another embodiment of 
a method of forming the bonded structure. As 
shown in Fig. 25 the composite bump is formed on 
the substrate 20 input/output pad 24 prior to bond- 
ing. The composite bump includes a polymer body to 
32, a conductive metal coating 36, and a soldering 
metal coating 38 such as alloys of lead-tin t indium- 
gallium, or indium-tin. The integrated circuit ele- 
ment 30 input/output pad 26 is formed from a 
metal wettable by the solder used. ?s 

The integrated circuit element 30 and the sub- 
strate 20 are then brought together so that the 
composite bumps are brought together with the 
integrated circuit element 30 input/output pads 24. 
Heat js applied to the soldering metal 38 thereby 20 
raising its temperature to about 30 *C above the 
melting point of the soldering metal used. For the 
95% lead-5% tin solder alloy the temperature is 
raised to about 350 'C. The soldering metal melts 
wetting the integrated circuit element input/output 25 
pads 26. the heat is removed, and as the solder 
cools below the melting point the bonded structure 
is formed. Due to the low Young's Modulus of the 
polymer body the stress tending to break the sol- 
der joints during or after the soldering process is 30 
extremely small. 

Figs. 27 and 28 shows another embodiment of 
a method of forming the bonded structure. As 
shown in Fig. 27 the composite bump is formed on 
the integrated circuit element 30 input/output pads 35 
26 prior to bonding. The composite bump includes 
a polymer body 32 and a conductive metal coating 
36. A soldering metal coating 38, such as alloys of 
lead-tin, indium-gallium, or indium-tin, is formed on 
the substrate 20 input/output pads 24. The sub- 40 
strate 20 input/output pads 24 are formed from a 
metal wettable by the solder used. The integrated 
circuit element 30 and the substrate 20 are then 
brought together so that the composite bumps are 
brought together with the substrate 20 input/output 45 
pads 24. The soldering process then proceeds as 
described in the previous embodiments. 

Figs. 29 and 30 shows another embodiment of 
a method of forming the bonded structure. As 
shown in Fig. 29 the composite bump is formed on 50 
the substrate 20 input/output pads 24 prior to bond- 
ing. The composite bump includes a polymer body 
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substrate 20 are then brought together so that the 
composite bumps are brought together with the 
integrated circuit element 30 input/output pads 26. 
The soldering process then proceeds as described 
in the previous embodiments. 

While the invention has been particularly 
shown and decribed with reference to the preferred 
embodiments thereof, it will be understood by 
those skilled in the art that various changes in form 
and details may be made without departing from 
the spirit and scope of the invention. 

Claims 

1. A bonded structure, which comprises the phys- 
ical and electrical connection between the in- 
tegrated circuit element (30) and the next level 

1 of integration, comprising: 

an integrated circuit element (30) having 
input/output pads (26); 

a substrate (20) having input/output pads 
(24); and 

a plurality of physical and electrical con- 
nections 

between said integrated circuit element (30)^ 
input/output pads (26) and said substrate in- 
put/output pads (24) wherein each said con- 
nection includes a composite bump comprised 
of a polymer body (32) and a conductive metal 
coating (36) covering said polymer body (32), 
and wherein said composite bump is deformed 
when said connection is formed. 

2. A bonded structure, especially a composite 
bump structure, which comprises: 

an integration circuit element (30) or sub- 
strate with input/output pads (26); and 

composite bumps formed from a polymer 
body (32) covered by a conductive metal coat- 
ing (36) formed on said input/output pads (26). 

3. A bonded structure, which comprises the phys- 
ical and electrical connection between the in- 
tegrated circuit element (30) and the next level 
of integration, comprising* 

an integrated circu dement (30) having 
input/output pads (26); 

a substrate (20) having input/output pads 
(24); and 

a plurality of physical and electrical con- 
nections 

hptv/ppn said integrated circuit element (30) 
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(36) covering said polymer body (32) wherein 
said connections are formed by soldering. 

4. The bonded structure of claims 1 to 3 wherein 
said polymer of said polymer body (32) is 5 
polyamic acid polyimide. 

5. The bonded structure of claim 1 wherein said 
conductive metal coating (36) is comprised of 

an adhesion layer, a barrier layer and a con- w 
ductor layer. 

6. The bonded structure of claim 1 wherein said 
composite bumps are formed on said inte- 
grated circuit element input/output pads (24) 15 
prior to formation of said connection. 

7. The bonded structure of claim 1 wherein said 
composite bumps are formed on said substrate 
input/output pads (24) prior to formation of said 20 
connection. 

8. The bonded structure of claim 1 wherein said 
composite bumps are formed on both said 
integrated circuit element (30) input/output 25 
pads (26) and substrate (20) input/output pads 

(24) prior to formation of said connection. 

9. The bonded structure of claim 2 wherein a 
base metal is formed under said composite 30 
bumps and on top of said input/output pads 
(26). 

10. The bonded structure of claim 9 wherein said 
base metal is aluminum. 35 

11. The bonded structure of claim 2 wherein said 
conductive metal coating (36) is a layer of 
chrome about 500 Angstroms thick and a layer 

of gold about 2000 Angstroms thick. 40 

12. The bonded structure of claim 2 wherein said 
conductive metal coating (36) includes an ad- 
hesion layer, a barrier layer, and a conductor 
layer. 45 

13. The bonded structure of claim 2 wherein said 
conductive metal coating (36) is coated with 
solder. 

50 

14. The bonded structure of claim 13 wherein said 
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saic i^cui cutout paas (26 ■ 



16. The bonded structure of claim 2 wherein said 
composite bumps are in a ring around said 
input/output pads (26). 

17. The bonded structure of claim 3 wherein said 
conductive metal coating (36) is a composite 
of 500 Angstroms chrome/500 Angstroms cop- 
per/2000 Angstroms gold. 

18. The bonded structure of claim 3 wherein said 
soldering metal is 95% lead- 5% tin. 

19. The bonded structure of claim 3 wherein said 
composite bumps are formed on said inte- 
grated circuit element (30) input/output pads 
(26) prior to soldering. 

20. The bonded structure of claim 19 wherein said 
soldering metal is formed on said composite 
bumps prior to soldering. 

21. The bonded structure of claim 19 wherein said 
soldering metal is formed on said substrate 
input/output pads (24) prior to soldering. 

22. The bonded structure of claim 3 wherein said 
composite bumps are formed on said substrate 
input/output pads (24) prior to soldering. 

23. The bonded structure of claim 22 wherein said 
soldering metal is formed on said composite 
bumps prior to soldering. 

24. The bonded structure of claim 22 wherein said 
soldering metal is formed on said integrated 
circuit element (30) inputfoutput pads (26) prior 
to soldering. 

25. A method of forming a bonded structure by 
joining of integrated circuit elements to the 
next level of integration, or that level of integra- 
tion to the following level according to claims 
1, 4 to 6, comprising the steps of: 

providing an integration circuit element 
with input/output pads; 

providing a substrate with input/output 
pads; 

providing composite bumps comprised of 
a polymer body and a conductive metal coat- 
ing covering said polymer body formed on 
said integrated circuit input/output pads; 
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26. A method of forming a oonded structure oy 
joining of integrated circuit elements to the 
next level of integration, or that level of integra- 
tion to the following level according to claims 

1, 4 and 5 and 7, comprising the steps of: 5 
providing an integrated circuit element with 

input/output pads; 

providing a substrate with input/output 

pads; 

providing composite bumps comprised of 10 
a polymer body and a conductive metal coat- 
ing covering said polymer body formed on 
said substrate input/output pads; 

bringing together said integrated circuit 
element and said substrate so that said com- rs 
posite bumps contact said integrated circuit 
element input/output pads and are deformed 
during said contact; and 

bonding said composite bumps to said in- 
tegrated circuit element input/output pads. 20 

27. A method of forming a bonded structure by 
joining of integrated circuit elements to the 
next level of integration, or that level of integra- 
tion to the following level according to claims 25 
1, 4 and 5 and 8, comprising the steps of: 

providing an integrated circuit element with 
input/output pads; 

providing a substrate with input/output 
pads; 30 

providing composite bumps comprised of 
a polymer body and a conductive metal coat- 
ing covering said polymer body formed on 
said integrated circuit input/output pads and on 
said substrate input/output pads; 35 

bringing together said integrated circuit 
element and said substrate so that said in- 
tegrated circuit element composite bumps con- 
tact said substrate composite bumps and said 
integrated circuit element composite bumps 40 
and said substrate composite bumps are de- 
formed during said contact; and 

bonding said integrated circuit element 
composite bumps to said substrate composite 
bumps. 45 

28. A method of forming a bonded structure by 
joining of integrated circuit elements to the 
next level of integration or that level of integra- 
tion to the following level according to claims 9 so 
to 16, for forming composite bumps compris- 
ing the steps of: 
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pads, 

etching said polymer not protected by first 
photoresist mask; 

stripping said first photoresist mask; 

forming a conductive metal layer over the 
surface of said integrated circuit element or 
substrate; 

forming a second photoresist mask on said 
conductive metal layer directly over said in- 
put/output pads; 

etching said conductive metal not protect- 
ed by said second photoresist mask; and 

stripping said second photoresist mask. 

29. A method of forming a bonded structure by 
joinrng of integrated circuit elements to the 
next level of integration or that level of integra- 
tion to the following level according to claims 9 
to 16, for forming composite bumps compris- 
ing the steps of: 

providing an integrated circuit element or a 
subtrate with input/output pads; 

forming a layer of photosensitive polymer 
on the surface of said integrated circuit ele- 
c ment or substrate; 

exposing and developing a pattern on said 
photosensitive polymer so as to leave pho- 
tosensitive polymer directly over said in- 
put/output pads only; 

forming a conductive metal layer over the 
surface of said integrated circuit element or 
substrate; 

forming a first photoresist mask on said 
conductive metal layer directly over said in- 
put/output pads; 

etching said conductive metal layer not 
protected by said first photoresist mask; and 
stripping said first photoresist mask. 

30. A method of forming a bonded structure by 
joining of integrated circuit elements to the 
next level of integration or that level of integra- 
tion to the following level according to claims 9 
to 16, for forming composite bumps compris- 
ing the steps of: 

providing an integrated circuit element or 
substrate with input/output pads; 

forming a first photoresist mask by lithog- 
raphy over said integrated circuit element or 
substrate surface except those areas directly 
over said input/output pads; 

forming a layer of non photosensitive poly- 
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by removing said non photosensitive polymer 
and said conductive metai over said photores- 
ist mask t leaving said non photosensitive poly- 
mer and said conductive metal over said in- 
put/output pads. 

31. A method of forming a bonded structure by 
joining of integrated circuit elements to the 
next level of integration, or that level of integra- 
tion to the following level according to claims 
1, 4 to 8, comprising the steps of: 

providing an integrated circuit element with 
input/output pads and composite bumps com- 
prised of a single polymer body and a conduc- 
tive' metal coating covering said polymer body 
formed on said integrated circuit element in- 
put/output pads; 

providing a substrate with input/output 
pads; 

providing a soldering metal; 

bringing together said composite bumps 
formed on said integrated circuit element in- 
put/output pads, said substrate input/output 
pads, and said soldering metal; 

heating said soldering metal to a tempera- 
ture of about 30 • C above the melting point of 
said soldering metal; and cooling said solder- 
ing metal below the melting point of said sol- 
dering metal. 

32. A method of forming a bonded structure by 
joining of integrated circuit elements to the 
next level of integration, or that level of integra- 
tion to the following level according to claims 
1, 4 to 8, comprising the steps of; 

providing a substrate with input/output 
pads and composite bumps comprised of a 
single polymer body and a conductive metal 
coating covering said polymer body formed on 
said substrate input/output pads; 

providing an integrated circuit element with 
input/output pads; 

providing a soldering metal; 

bringing together said composite bumps 
formed on said substrate input/output pads, 
said integrated circuit element input/output 
pads, and said soldering metal; 

heating said soldering metal to a tempera- 
ture about 30 9 C above the melting point of 
said soldering metal; and 

cooling said soldering metal below the 
melting p^r; cf sa^ sciCc r\j ~'o*&. 

23. "he rr:o: r :c-J cf o.a:rrs >ib y.r.-.Z 30 ^r>.:c: :\ i^..: 



35. The method of claims 25, 26, 27, 28, 29 or 30 
wherein said conductive metal coating is com- 
prised of an adhesion layer, a barrier layer and 
a conductor layer. 

5 

36. The method of claim 25 wherein said bonding 
is provided by a conductive adhesive between 
said composite bumps and said substrate in- 
put/output pads. 

70 

37. The method of claim 26 wherein said bonding 
is provided by a conductive adhesive between 
said composite bumps and said integrated cir- 
cuit input/output pads. 

38. The method of claim 27, wherein said bonding 
is provided by a conductive adhesive applied 
between two said composite bumps. 

20 39. The method of claim 25, 26 or 27 wherein said 
bonding is provided by a nonconductive adhe- 
sive between said integrated circuit element 
and said substrate. 

25 40. The method of claim 25, 26 or 27 wherein said 
bonding is provided by thermocompression 
bonding. 

41. The method of claim 25, 26 or 27 wherein said 
30 bonding is provided by application cf heat en- 
ergy. 

42. The method of claim 25, 26 or 27 wherein said 
bonding is provided by application of light en- 

35 ergy. 

43. The method of claim 25, 26 or 27 wherein said 
bonding is provided by ultrasonic bonding. 

40 44. The method of claim 25, 26 or 27 wherein said 
bonding is provided by tape automated bond- 
ing. 

45. The method of claims 28 or 29, further com- 
45 prising: 

forming a base metal layer on the inte- 
grated circuit element or substrate prior to 
forming said polymer layer; and 

etching said base metal not protected by 
so said second photoresist mask, after etching 

said conductive metal, and before stripping 
b.^J se:cnd -h:tcres;3t mack 

•46. ~N:- ~\y.r^t*. '.;? claim «*5 wnerer- S<T-: ::^?o 
j;j metal ;s a.ijmir*ij::\ 

47. Tr.e method rf claims 28. 29 O' 30 -A^Ci'Sin 
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chrome atout 50C Angstroms thick and a ;ayer 
of gold about 2000 Angstroms thick. 

48. The method of claims 28, further comprising: 

forming a third photoresist mask on said s 
integrated circuit element or substrate, after 
the second photoresist mask has been 
stripped, covering the entire integrated circuit 
element or substrate surface except the area 
directly over the input/output pads; io 

forming a layer of soldering metal on said 
third photoresist mask and said composite 
bumps; and 

stripping said third photoresist mask there- 
by leaving soldering metal only on the com- is 
posite bumps. 

49. The method of claim 29, further comprising: 

forming a second photoresist mask on said 
integrated circuit element or substrate, after 20 
the first photoresist mask has been stripped, 
covering the entire integrated circuit element 
or substrate surface except the area directly 
over the input/output pads; 

forming a layer of soldering metal on said 25 
second photoresist mask and said composite 
bumps; and 

stripping said second photoresist mask 
thereby leaving only the soldering metal on the 
composite bumps. 30 

50. The method of claim 30, further comprising: 

forming a second photoresist mask on said 
integrated circuit element or substrate by lith- 
ography, after the first photoresist mask has 35 
been stripped, covering the entire integrated 
circuit element or substrate surface except the 
area directly over the input'output pads; 

forming a layer of soldering metal on said 
second photoresist mask and said composite 40 
bumps; and 

stripping said second photoresist mask 
thereby leaving only the soldering metal on the 
composite bumps. 

45 

51. The method of claim 30 wherein said vapor 
deposition polymerization comprises: 

providing a vacuum of about 3.75 X 1G~ 5 
Torr; 

spraying 4,4 Oxy-Dianiline onto said in- 50 
tegrated circuit element or substrate; 

heating said integrated circuit element or 

S'jbst"3te to between sbcut 60 *C an-d 160*C; 

s;: raying c / ro:—el 1 1 t : c Oiar'Mycrce onto sa;d 
integrated c:rct:it element c suostr^to. ar.c 

hba'irg sa-c: rtecj-atec: r i i vii^ntrw 
sucstraio t3 between about ! 30 * C ana 18C"G. 



52. The meihca cr ciaims 3; or 32 wnerein said 
conductive metal coating is a composite of 500 
Angstroms chrome/500 Angstroms cop- 
per/2000 Angstroms gold. 

53. The method of claims 31 or 32 wherein said 
soldering metal is formed on said composite 
bumps prior to heating said soldering metal. 

54. The method of claims 31 or 32 wherein said 
soldering metal is formed on said substrate 
input/output pads prior to heating said solder- 
ing metal. 

55. The method of claim 32 wherein said soldering 
metal is applied on the IC substrate in- 
put/output pads prior to heating said soldering 
metal. 

56. The method of claims 31, 32, 47, 48 or 49 
wherein said soldering metal is 95% lead and 

5% tin. 
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